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ABSTRACT

Potassium dihydrogen phosphate (KDP)Admixturedtriglycinesulphate (TGS) single crystal (KDPTGS) with
concentration of KDP in the growth solutions varied from 10mole% to50mole% has been grown by the sow
evaporation technique. Crystal structure was studied by x-ray powder diffraction. KDPTGS crystallizes in the
monoclinc system with P2;/c space group.X-ray analysis showed a dight variation in the lattice parameters for
admixtured crystals. The absorption spectra for pure and KDP doped TGS crystals have significantly low cut-off
wavelengths and good transmittances towards the visible and infrared regions. By increasing KDP concentration,
the optical transmittance increases, however the cut-off shifts to lower wavelengths. The optical data are analyzed
and interpreted in terms of allowed indirect transitions. The optical energy gap (Eg) has the value of 4.912eVfor
pure TGS crystal. This value increases with increasing KDP concentration and tends to saturate ata doping
concentration of 30mole% KDP. The modes of vibration of different functional groups present in the grown crystals
were identified by the FTIR spectral analysis.

Keywords: KDPTGS crystals, Growth from solutions, X-rayfdiftion, Optical band gap, FTIR spectra.

INTRODUCTION

Recently, there is an increasing interest in tdgigsulphate [(NECH,COOHXH,SO)](TGS) crystals since it may
have useful properties for various optoelectropigli@ations in the visible and infrared spectraiges. TGS crystal
has good pyroelectric properties. It exhibits sfy@bsorbing ability in the most part of infraredjiom. At room
temperature, its pyroelectric coefficient valuethie highest. It is a material of choice for higleeg broad band
infrared pyroelectric detectors and vidicon [1-3].

Ferroelectric properties of TGS crystals have beend to change under the influence of differemidkof doping
[4,5]. Previous work on the modification of therfeglectric properties of TGS by the addition of dofs such as
inorganic ions [6,7] as well as with partial suhgton of L-alanine have been investigated [8]. Timportance of
TGS crystals doped with organic molecules ariseunfithe observation that the infrared detection rpatars
increased after doping TGS with some organic mdésculhe increase in the detection parameters wejgrthe
sensitivity of the IR detectors constructed usimese crystals [9-12].

C.S. Fang et al. [13] have grown TGS crystals, Wwith? and Li'as dopants. It was found that the addition of
dopants increases the pyroelectric coefficient3 @6 crystals. Abu El-Fadl[7]studied the effect @fadlent-ions-
doping on the absorption spectra and optical paennhef triglycinesulphate crystals. Doping TGSstays with
small concentrations of divalent ions consideradffiects the measured optical parameters. The etfestever,
varies from one dopant to another according ta thieysicochemical activity. Batraet al. [14] hameestigated the
influence of rare earth metal ions on dielectrigroglectric and piezoelectric properties of TGSstais. It is
observed that samarium, ytterbium and terbium dop@8 crystals possesses low dielectric constambebsctric
coefficients and high Vickers’s hardness.
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The study of the physical properties of TGS mixdthvierroelectric and antiferroelectric crystalsvhareceived
much less attention. Potassium dihydrogen phosghatidy crystals (KDP, DKDP,ADP) are among the mtls
most widely used in nonlinear optics, optoelecirerdnd photonics. Such crystals possess a unitjoé @@perties,
including wide transparency range, high laser danthgeshold, and can be grown large sized. Thissgiise to
their reasonable application as large apertureuérgy converters of laser radiation and electricopwitches in
powerful laser systems for inertial confinement erkments[15,16]. KDP-doped TGS (TGSK) crystals, abhhad
doping concentrations of 10, 25, 35, 40, and 45%40feere grown from saturated solutions by Sooman dtes.
[17]. They investigated the influence of the KDFpohg on the pyroelectric and the dielectric projesrbf the TGS
crystal. With increasing KDP doping, the coerciigd increased. Moreover, improved pyroelectricgenties were
observed for the grown crystal containing 25 mol€ZP to HSO,. Thus, the optimum doping of KDP in the
TGSK crystal allows them to obtain a high valugtaf pyroelectric figure of merit, enhanced evertaip0%.Balu
et al. [18] have studied the effect of doping ADFerroelectric TGS crystals. It is found that inporated dopant
revealed in shift of Curie point to lower temperatwith increase in dopant concentration. Microdnass studies
have shown that the hardness decreases with ieciea®P concentration.

In the present investigation results on crystalgho structural and optical absorption spectra@piital parameters
of TGS crystals incorporated with different conecatibns of KDP crystal has been carried out onséerch for the
suitable dopant which gives TGS the desired pragserelevant for applications.

MATERIALS AND METHODS

2- Experimental

2.1. Synthesis and crystal growth

Pure TGS and KDP doped TGS crystals were growrohytisn growth method. A solution of KDPTGScompound
was synthesized by dissolving KDP in TGS in théoddt, 20, 30, 40 and 50mole% relative tgSK), in double
distilled water according to the equation:

X(KH,PO,) + 3(NH,CH,COOH) +(1-x) HSO,— KDPTGS (1)

The solution was left for evaporation to seedingoaim temperature (298 K). A good seed was chasmh then it
was employed for the growth of single crystal.

Single crystal of KDPTGS was grown by the slow eragion technique of an aqueous solution at cohstan
temperature (315 K) by using an indigenous crygtalvth apparatus fabricated in the laboratory. €3liy good
quality seed crystals were suspended firmly inside solutions using a nylon thread. The regime haf t
crystallization was made identical for all the ¢ays. After 3~4 weeks, crystals with the dimensioh&x2x2 cnf
could be harvested and transparent, flawless d¢systaptical quality and with well-developed facgsre obtained.
As shown in the photograph ofFig.1, the grown ®nglystal was colorless and optically transparBoiping of
KDP in TGS solution results in the modificationtb& crystal morphology. The relative growth velgaibrmal to
the growth axis is altered and hence the dopedairysorphology is different from the pure systemh&s been
found by the elemental analysis that the dopanteatmation in the solution {xis far higher than the concentration
in the crystal (¥ for TGS crystals grown with different concentoais of KDP. It was reported by Nakatani et
al.[19]for phosphoric acid doped TGS crystals, thatratio of ¥/x at the maximum is 19

2.2. Characterizations

2.2.1. Powder x-ray diffraction measurements

For powder x-ray diffraction measurements, a samle taken from the crystal and it was grated vegl} until it
became soft powder. Then, small amount from thisvdes was taken to use in these measurements. The
measurements were performed at room temperatung asPhilips (PW1710) diffractometer, which is qupad

with a curved graphite crystal monochromator, atomatic divergence slit, a vertical goniometer (FO&Q) with
automatic sample changer and Xenon proportionalctiet The measurements were swapped frémd 2to 2=80°

with step of 0.04°, copper target with nickel filtet 40 kV, 30 mA, a scanning speed of 0.06°/mid acident
wavelength was 1.5418 A.

2.2.2. FTIR spectra
The FTIR spectra were recorded in the range 400-46% employing a NICOLET FTIR 6700 spectrometer by the
KBr pellet method to study the functional groupghaf samples.

20
Scholars Research Library



A. Abu El-Fadl and A. M. Nashaat Arch. Phy. Res,, 2014, 5 (6):19-28

2.2.3. Optical transmission

Cleaved rectangular b-cut plates about 20%rmmarea and 1 mm in thickness specimens were mépnd then
polished on a wet piece of soft cloth to be usedofitical measurements. The prepared plates wees ahd free
from noticeable defects. Specimens prepared witsdtdimensions to fit the sample holder, and thepkawas
fixed to the holder by special glue. The opticahsmission spectra measured in the photon enengye ri90-900
nm at room temperatures were determined using SkmaUV-VIS-2101 PC dual beam scanning
spectrophotometer. The samples used for opticabunements were clear, transparent and free froomatiyeable
defects. The incident unpolarized light was nepdypendicular to b- plane. The surrounding mediwas air.

RESULTS AND DISCUSSION

3.1. X-ray diffraction

The powder XRD patterns of KDP admixtured TGS algstompared with that of pure TGS are depicteign2.
The results of the XRD patterns indicate that thakppositions of the grown crystals were locatedpproximately
the same positions as that of pure TGS and sligiftifted in doped crystals, but the intensitieshaf diffracted
peaks are found to be varied. The sharp peaksrootfiat the crystallinity of the grown crystalsgeod. The
crystalline perfection of the specimen crystalseidgremely good without having any internal struatugrain
boundaries and mosaic nature.

It is clear from the diffractograms that, there aoeextra peaks other than the sharp indexed dmesnixtures of
TGS and KDP are of single phase belonging to mamicdattice structure with the space group/B2according to
ICDD (PDF file 14-0873). Small change in the lagtmonstants in the doped crystals can be attriltotéte packing
consideration arising from the individual lind S ions with different ionic radii. The unit cell @aneters and the
cell volume of the pure and doped TGS crystalspaesented in Tablel.The lattice parameters of pB8 are in
agreement with the reported values by Theresit[@0]. In the case of doped TGS crystals, sligirtations in the
values of lattice parameters and cell volume asepoked. It implies that KDP doping have been inooafed to the
lattice of TGS crystals. Because of doping therey ha some defects or strains in grown crystals.il&im
observations on phosphate added TGS crystals hearedeported by others[21]. The lattice parametemire and
phosphate doped crystals show a significant diffegein spite of the low incorporation ok, into the crystal
lattice. It was also observed that, the latticeap@aters of TGS crystal decreased upon doping wjBOgwhile the
monoclinic angleBincreased [21].

Farhana Khanum et al. [22] have grown TGS crystall nickel sulphate as dopant. It is found that thttice
parameters are slightly distorted due to the inoation of nickel ion into the lattice sites of th&S crystal. Single
crystals of ADP-doped TGS were grown from aqueo@$ Bolution containing 20 mole% of ADP by Arunmoehi
al. [23]. They concluded that the antiferroelecproperties of ADP do not have an influence onfthreoelectric
properties of TGS and ADP acts more like an impudt dopant. No internal bias field is created dmshce
nonpolar effects are generated with ADP dopingrdase in the coercive field values in ADPTGS shitved the
dopant restricts dipoles from switching.

Table 1 Powder XRD data of KDPTGS crystals.

KDP ratio (mole%)  a (A) b (A) c(A) PB(deg) Vol. (A}

0 (pure) 9.1676 12.6545 5.7293 105.5 640.5
10 9.1656 12.6517 5.731 105.5 640.4
20 9.1666 12.6554 5.7296 105.53 640.4
30 9.1695 12.6517 5.7323  105.53 640.7
40 9.1671 12.6522 5.7349 105.57 640.8
50 9.174 12.6586 5.7305 105.53 641.2

3.2. FTIR spectra

On the basis of the available data, recorded Fpettsum of different functional groups of KDPTGSgtals is
shown in Fig.3. The observed wave numbers, relaitiNensities obtained from the recorded spectra ted
assignments reported for grown crystals are citethble?2.

The stretching of N—-H mode of NHyroup and O-H of hydrogen bonded carboxyl groygsears at the range
3114-3207 cm. The peaks appears at the range 1704-171%40t906-911cifare assigned to the C=O symmetric
stretching and C—C stretching. The peaks at thgerd616-1624 citare assigned to asymmetric stretching of COO
and bending of Nklgroup. The characteristic peaks observed in thgerd 394-1436citare assigned for C—-O—H
bending vibration and Ctbending. The peaks at the range 1308-131Tacenassigned to the S=O asymmetric
stretching and CHtwisting. C—-O stretching vibration and ghocking occurs at range 1124-1142 tnThe
torsional oscillation of Nkigroup and C—N bending occurs at the range 613:6#7 The peaks appear at the range
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558-572 crifare assigned to S@ymmetric stretching. The peaks at the range 4®behi'are assigned to torsional
vibration of C—N and NHl

KDP doped samples provide very similar featureshase of pure TGS. More bands were located at dinees
positions as those of pure TGS. There is a veghskhift observed in band positions compared te mune. But
doped samples provide less resolution of bands.eSmands are broadened and some are narrowed. Daggie
more for doped samples than that of pure TGS. €asults match well with the values reported by Keewari and
Viswanathan.[24] and Parimaladevi et al. [25]. @a bther hand, optical quality single crystals ofepand ADP
admixture TGS were grown and their FTIR spectrafioonthe presence of the dopant qualitatively. Atbe
antiferroelectric properties of ADP have no inflaeron the ferroelectric properties of TGS and ARE anore or
like an impurity or dopant. Shift inc.Bhows that inhomogeneous dopant incorporatiorsléadicro regions during
crystal growth with different transition temperasfl18].

Table2 The observed IR frequencies and correspondingrasgigts.

TGS 10% 20% 30% 40% 50%

pure KDP KDP  KDP  KDP  KDp  Range Assignment

3114- Symmetric stretching (N-H mode) of NHyroup and O-H
3203 3205 3152 3207 3120 3166 3207 stretching of hydrogen bonded carboxyl groups
1705 1708 1706 1708 1709 1715 11773‘2' Symmetric stretching (C=0)
1623 1619 1616 1621 1625 1619 112123' Asymmetric stretching (COO) and bending of Njfoup
1426 1426 1426 1427 1395 1436 ]ii%‘é (C-0O-H) bending vibration and GHending

1308- S=0 asymmetric stretching and (C-C) symmetric chiat
1309 1309 1309 1309 1311 1310 1311 and CH twisting

1124- CH, rocking and S@ symmetric stretching and it can be
1126 1127 1143 1134 1129 1125 1142 assigned to C-O stretching
908 907 911 907 907 903 903-911 (C-C) stretching
646 646 646 646 647 647 . _—— .
523 515 623 515 613 518 613-647 Torsional oscillation of NHjroup and (C-N) bending
572 573 582 571 571 571 558-572 Symmetric stretchfrig
500 500 496 502 499 507 495-506 Torsional vibratio(GN) and group Nkloscillations

3.3. UV-VIS spectral analysis

The behavior of the spectral dependence of thealptiansmittance (T) as functions of both the Ké&Rcentration
(from 10 to 50mole%) and wavelength (from 230 t® 2im) are presented in Fig.4. In general, the inéttsnce
increases with increasing KDP concentration. FroenWV spectrum, KDPTGS crystals are found to begparent
in the UV region.The inset ofFig.4, shows the traittance of pure TGS sample in the range of waghen(from
200 to 900 nm). It can be seen from the transmissjectrum and Fig., $hat the lower cut-off wavelength lies
nearly at 240 nm for pure TGS crystal. Thus lowaraff value decreases due to KDP doping. The gitior is
negligible in the entire visible region of the dteecnagnetic spectrum. The transmission extenddynram 240 nm
to 1100 nm, makes it suitable for the applicatitmmidNLO materials having nonlinear optical applioas.

Good optical transmittance and lower cut-off wangths are very important properties for laserspgu@phic
recording, optical filters, and nonlinear optica@péications. It was observed by Khanum et al [4};tpure and
potassium bromide doped TGS crystals exhibit highdmission in the entire visible region. TGS alstloped
with 1mole% KDP was grown by Deepti and Shanti [ZHjeir UV-VIS spectra show that the grown crystals
optically transparent through 200-800 nm and hesuggests the suitability of this material for optidevices. The
effect of Thiouea-doped triglycinesulphate (TuTG#) machining the crystal for device purposewas istudby
Krishnakumar et al. [27]. It was found that, thepdd crystal exhibit excellent transmission in entlV-VIS range
studied than undoped crystal. This property enatslesmaterial for the fabrication of IR detectorsldn some
optoelectronics device technology. Also sufficiehift in the lower cut-off wavelength towards U\gien in doped
crystal makes this material to find applicationg@neration of UV light. Another study by Farhanaakkbm and
JibanPodder [22] of pure and Nig@oped TGS crystals, showed, that the transmigstooentage of NiSQdoped
TGS is lower than pure TGS and the transmissionedses with increase in dopant concentrations.

The percentage of optical transmission and the ldWsparency cut-off limits data are tabulated ibl@&8. The UV
transparency cut-off limits decreases with the dgmioncentration. Similar results have been obthinghe case of
L-alanine doped KDP [28] and also lithium dopedlaréne crystals [29].From the spectra and TableB found
that the cut-off wavelength for the pure and dopedtals was found to be increased with doping eotration up

to 20 mole% and above this it decreases. The ¢uivafelengths are around 230-240 nm and the maximum
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transmission levels are in the wavelength range-8®0nm which are most desirable characteristi@a diLO
material for applications. As there is no absomptio the visible region, these crystals are suéafoir NLO
applications. The cut-off wavelengths and the tm@asion levels are in good agreement with the tepovalues by
RezagholipourDizaji and Naseri [2lt]is observed from their spectrum, that the traittsimce percentage of the
TGSP crystal is higher than that of the TGS cry&the lower cut-off wavelength is around 226 nmT@S crystal
grown by unidirectional method. The same cut-offvelangth was reported by Pandian et al. [30]foreplGS
crystal grown by the S-R method.

The absorption spectra of KDPTGS single crystaleHzeen investigated at photon energies near tigafuental
absorption region, and the optical absorption ¢ciefit (@) was calculated using the relation:

a=2.30261log (L/T)/t (2)
WhereT is the transmittance ands thickness of the crystal.

The results of the absorption coefficiantagainst photon energw Hor pure TGS crystal as well as for crystals
doped with different KDP concentrations are plotiedrig. 6. The general feature of the figure i tontinuous
increasing ofu. with increasing photon energy. At the absorptaigeo increases rapidly withvh As it is clear,
doping decreased the absorption coefficient of KBBTat all energies and concentrations.

The predominate mechanism, band-to-band transiti@ssdetermined by the analysis of th€(v) dependence. In
the high-absorption edge, the photon energy dempemdef the absorption coefficient can be describgdhe
parabolic relation [31];

ahv = A (v - E)° 3)

wherev is the frequency of the incident photon, h is Bk constant, A is a constant, i§ the optical energy gap
and s is the number which characterizes the optizalesses, and s has the value ¥ for the dileeted transition,
and 2 for the indirect allowed transition. When #iaight portion of the graph oiljv)** against h is extrapolated
to a=0 the intercept gives the transition hand gap. &kgerimental results for the investigated TGS tafgs at
different KDP dopant concentration show a goodtditEq. (3) with s =% indicating that the indirediopon
transitions is the most probable mechanism. Thalpband gap Eof the indirect transition can be obtained, and
the following equation can then be applied to Hug of interband transition:

(ahv)¥?= A(tw -Ey) (4)

The optical band gapgof the indirect transition can be obtained from ifitercept of theofv)*/2

vs. v plots with
the energy axis atitv)*? = 0, as, shown in Fig.6. The values of the indiogtical energy gap as a function of KDP
concentration are plotted in Fig.7. It is evidepbn inspection of Fig.7.that the increase of KDRaemtration leads
to an increase of the band gapdahd saturates at 30 mole% of KDP doping. Same atatpresented by Parimala
devi et al. [25]. Their single crystal and powddRIX studies confirmed that a certain amount of Hiloped into
TGS and that there is saturation in the dopingllelready at 20 mole% HNg{addition. Further increase in HNO

content in solution acted as additive and enalliecchanges only in crystal habit.

Table3 Cut-off wavelength and optical energy gap foKDP doped TGS crystals.

KDP concentration (mole%) Cut-off wavelength (nm’ Optical energy gap (eV)

O(pure) 239.0 4912
10 239.5 4.915
20 240.5 4.928
30 238.5 4.963
40 238.0 4.966
50 237.0 4.969

In general, one can observe that the optical engagyincreases with increasing the KDP concentrdtioe results
are summarized in Table3). This increase of engegywith KDP incorporation can be attributed to theation of
disorder and defects presented by doping.

23
Scholars Research Library



A. Abu El-Fadl and A. M. Nashaat Arch. Phy. Res., 2014, 5 (6):19-28

Fig. 1. Photograph of as grown KDPTGS single crysts.
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Fig. 2. Powder XRD patterns of KDPTGS crystals.
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CONCLUSION

Single crystals of potassium dihydrogen phosphateed triglycinesulphate(KDPTGS) were grown fromwslo
evaporation solution growth technique. Powder x-dfraction analysis was used to estimate the pgathmeters
and the compound easily crystallizes in monoclayistem with space group 2 and the powder x-ray diffraction
pattern of the grown crystals was indexed. The WAible spectral shows that the grown crystals haptcal
transparency. By using the transmittance spectthienabsorption edge was calculated, and the typeaogition is
the allowed indirect one. Significant changes ir thctivation energies of doped crystals were ifiedti
Improvement in the transparency of the TGS crystathe addition of KDP highlights their prospecisaacandidate
for optoelectronic applications in visible and ared region. The modes of vibration of differentlesalar groups
present in the sample were identified by the FTgBctral analysis.
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